Since recent reports suggest structural brain abnormalities in autistic patients, we analysed magnetic resonance imaging (MAI) scans of autistic children. Planimetric measurements were done on midsagittal MRI scans, produced with a 0.5 T superconducting magnet. Scans of 13 â€˜¿ high-level' autistic subjects were compared with 35 control MRI scans, read as anatomically normal by a neuroradiologist. Corpus callosal, fourth ventricular, cerebellar, cerebral, and cranial areas were measured. The fourth ventricle was found to be significantly larger in the autistic group. No other areas in the midsagittal scans differed statistically between groups. Results suggest that structures defining the fourth ventricle are anatomically altered in autistic patients.
phology in autistic children have yielded variable results. A pneumoencephalography study found dilated left anterior ventricular horns in autistic patients (Hauser et a!, 1975) . Computerised tomo graphy (CT) scan studies present variable results.
Several studies found significant parenchymal or ventricular abnormalities in autistic subjects (Damasio eta!, 1980; Caparulo eta!, 1981; Campbell et a!, 1982; Gillberg & Svendsen, 1983) ; however, there were several equivocal or even negative CT studies as well (Rosenbloom eta!, 1984; Prior eta!, 1984; Harcherik et a!, 1985; Creasey et a!, 1986) .
Likewise, autopsystudies offerconflicting evi dence of brain abnormalities in autism (Williams et a!, 1980; Bauman & Kemper, 1985) . A Harvard group reported neuropathological grossand micro scopic abnormalities of limbic structures, fourth ventricle, and cerebellum in an autistic â€˜¿ brain' (Bauman & Kemper, 1985) . The same group also reported abnormalities of fourth ventricle and cerebellum in autistic patients studied by CT scan (Bauman eta!, 1985) . Recently a group from UCLA reported cerebellar changes found in a number of post-mortem examinations of autistic patients (Ritvo et a!, 1986 however,had major structuralabnormalitieson MRI scans. The control group was ascertainedfrom the records at the MRI centre. Recordswere examinedof patients aged 4 to 19,who werereferredto MRI at the sametime as the autistic patients were, and whose MRI scans were read anatomically as â€˜¿ normal' by the consulting neuroradiologist. Hospital records, and sometimes treating physicians, were consulted to determine significant behavioural problems or developmental delays; control patients with mention of these problems were excluded from this study. There were 35 scansof patientsin childhoodand adolescencethat met criteria.
The control patients were referred for MRI scanning for a variety of reasons; these included a past history of histiocytosis X, headaches, Duane's syndrome, congenital optic atrophy, and others. One control child had neurofibromatosis, diagnosedby cafÃ© au lait spots. Two control children had psychomotor seizures and were taking anticonvulsivemedications.Ageand sexof the controlsare givenin Table I . IQs and handednessof the childrenwho servedas controlswereunknown; however,as mentioned, children with significant learning and developmental abnormalities wereexcluded fromthestudy.
Thecontrolgroupusedin the studyisa â€˜¿ medical' control group. Although it appears that this group is devoid of patientswithautism,it maybe arguedthat a â€˜¿ non-medical' normal control group should be ascertained. However, for a pilot study the â€˜¿ medical' control group seems adequate, Since this is a small sample size, the study needs replication not only with midsagittal views, but also with transverse and coronal images. However, if replicated, this finding, considered along with the autopsy and CT material, suggests strongly that the fourth ventricle is enlarged in autistic subjects. The significance of an enlarged fourth ventricle finding is unclear. The fourth ventricle is related to the pons, cerebellum, and medulla. The midsagittal MRI scan images the ventricular length. This allows all portions of the fourth ventricle -inferior, middle, superior â€"¿ to be seen. The superior portion of the fourth ventricle is bounded by the superior medullary velum and superior vermis in the roof, and the locus especially considering the ethical issues of exposing normal children to a procedure that may require sedation.
Autistic
Moreover,sincethe medicalcontrol group wasreferred to the same hospital as the autistic group, referral bias would be controlled.
Procedures
The MRI scans were done on a 0. Intra-rater correlations were calculated for the five areas.
All three raters were above 0.93, with one exception; one rater had a intra-rater correlation of 0.84 of the callosal area.
Inter-rater correlations also indicated that the measures were consistent and reproducible: correlation for the corpus callosum area was 0.94 (average of the three Pearson's r);
fourthventricle, 0.96;cerebellum, 0.96;cerebrum,0.97; cranium, 0.99.
Resufts
As seen in Table I , the two groups were not skewed in age distribution, and thus comparisonsinvolvingbrain medullary velum and thevermalnodulusdefine the roof of the inferior fourthventricle, while the hypoglossal (XII) and vagal (X) nuclei, and MLF define the floor.
Of import are structures that have been implicated in autism, that define the fourth ventricle and, if altered, might alter the morphology of the ventricle. The central cerebellar nuclei have been reported to be aberrant in a neuropathological study of one â€˜¿ autistic' brain (Bauman & Kemper, 1985) . In another series of â€˜¿ autistic'brains, there were widespread abnormalities in several cerebella (Ritvo et a!, 1986 ). There are no anatomical studies of the brain stem to our knowledge. However, neuro physiological experiments suggest brain stem nucleiespecially areas in the pons (such as nucleus VIII) â€"¿ are involved in autism (Ornitz, 1985) . Thus, there is evidence that brain areas surrounding the fourth ventricle are involved with the clinical manifestations of autism; alterations in these discrete areas might then alter the space that they define, resulting in a relatively larger fourth ventricle. Both brainstem and cerebellum have connections with, and affect function of, the limbic system, an area implicated in infantile autism. This suggests that widespread brain abnormalities, in neuronal circuits, are involved in autism. Although speculative, such abnormalities could be caused by aberrant develop ment or early brain injury resulting in brain-tissue loss. Such brain-tissue loss would then result in the enlarged ventricular space.
This study indicates that in midsagittal MRI images, the fourth ventricle appears to be enlarged in autistic patients when compared with medical controls. This has several implications: replication is needed, with midsagittal and with other scanning 
